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We, Radio Corporation of America, a 
Corporation organized tinder the Laws of 
the State of Delaware, United States of 
America, of 30, Rockefeller Plaza, City 
5 and State of New York, United States of 
America, do hereby declare the nature of 
this invention and in what manner the 
same is to be performed, to be particu- 
larly described and ascertained in and by 
10 the following statement : — 

This invention relates to the art of 
depositing thin, transparent films of 
silica on a surface. 

Thin films of silica have proved useful 
15 in the art for providing reflection- 
reducing surfaces on optical elements 
made of glass as well as in the protection 
of more chemically active substances from 
the corrosive effects of the atmosphere 
20 and other surrounding media. Heretofore, 
various methods have been proposed for 
the deposition of these silica films. One 
of these has been an adaptation of the 
well known vapour coating method in 
which quartz is heated to a temperature 
high enough to vaporize the silica. 
Because of the extremely high tempera- 
ture at which silica vaporizes, however, 
this is a costly and difiicult method to use. 
80 It has also been proposed to deposit silica 
from organic silicates, alkali silicates and 
from the vapour of decomposable silicon 
compounds such as silicon tetrachloride. 
Although these methods have been more 
35 or less successful for some commercial 
- applications, it has proved to be very 
difficult to deposit an even film of silica 
having an accurately controlled thickness 
by any of these older meth ods. 

One object of the present invention is 
to provide an improved method of deposit- 
ing very thin films of silica having 
accurately controlled thicknesses. 

Another object is to provide a method 
15 of depositing transparent films of silica 
with the expenditure of very little 
mechanical energy. 

Another object is to provide an 
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improved method of protecting 
surfaces with thin, silica films. 

Another object is to provide an 
improved method of depositing silica 
from a solution. 

Still another object is to provide an 
improved method of depositing reflection- 55 
reducing films of silica on transparent 
optical surfaces. 

These and other objects will become 
more apparent and the invention will be 
better understood from a study of the 60 
description of the invention which follows 
together with the accompanying draw- 
ings, of which : 

Figure 1 is a graph showing the rate 
of deposition of a silica film deposited 66 
from a typical treating bath made up 
according to the present invention. Thick- 
ness in A at 5200A is shown as function 
of time of treatment (hours). 

Figure 2 is a graph showing the time 70 
necessary to deposit a i wavelength film 
from fluosilicic acid solutions adjusted to 
various degrees of supersaturation with 
respect to silica. Minutes to deposit 
A 

— film is shown as a function of centi- 75 
4 

meter cubes of 4% boric acid /litre of acid. 

Figure 3 is a graph of the change in 
excess silica solubility with concentration 
of H 3 SiF 6 taking a 1.25 molar solution 
of H 2 SiF 6 as a zero reference point. 80 
Silica moles is shown as a function of 
H 3 SiF 6 moles per litre. 

It has been found that a solution of 
fluosilicic acid supersaturated with just 
the correct amount of silica will deposit 85 
a very thin, uniform, hard, transparent 
film of silica upon an object immersed in . 
the solution. This is in contrast to a fluo- 
silicic acid solution which is either just 
saturated or undersaturated with silica 90 
since these latter types attack most glasses 
slowly instead of depositing silica on 
them and, of course, do not deposit silica 
on other surfaces immersed in them. The 
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method of the present invention is also in 
contrast to the method of skeletonizing 
the surface of a glass article in order to 
produce a reflection reducing film. The 
6 skeletonizing process also utilizes a solu- 
tion of fluosilicic acid supersaturated 
with respect to silica but the range of 
super saturation is somewhat different in 
the two cases. The close similarity 

10 between the two types of solution, how- 
ever, serves to indicate the fine degree of 
control necessary to obtain films accord- 
ing to the present invention and the 
unexpectedness of the results obtained in 

15 the process. 

Of course, one general method of 
depositing a substance chemically is to 
supersaturate a solution with respect to 
the substance, then introduce conditions 

20 which will cause the excess substance to 
precipitate out of the solution. This 
general method can also be used to obtain 
a deposit of silica as is well known. How- 
ever, as is equally well known, the deposit 

25 of silica which is usually formed is a 
gelatinous mass which is of a cloudy or 
translucent nature. By practising the 
method of the present indention, an 
optically thin film may be formed which 

80 is hard and transparent. This film may 
be controlled so accurately as to be of the 
order of £ wavelength in thickness of some 
desired component of .white light or it may 
be much thicker in order better to serve 

85 ns a protective coating. If it is to be 
used as a reflection reducing film, it may 
be made, as is well known, a small, odd 
multiple of J wavelength in thickness. 
The method according to the present 

40 invention is performed by immersing the 
article to be coated in a solution of 
fluosilicic acid which has. been made 
supersaturated with respect to silica 
within the range of 2 to 16 millimoles per 

45 litre. A preferred range of excess silica 
is 8 to 15 millimoles per litre and a pre- 
ferred point within this range is 10 milli- 
moles of supersaturation per litre. The 
fluosilicic acid appears to act as a catalyst 

50 in the deposition of the silica* 

The method of making up the treating 
solutions can be accomplished in several 
ways. It must first be pointed out that, 
although fluosilicic acid is generally 

55 described in the literature as conforming 
with the ideal formula H 2 SiF 6 , it has been 
found unexpectedly that commercial 
fluosilicic acid is capable of dissolving 
considerable excess silica so that the final 

00 stable solution obtained has a ratio of 
fluorine to silica of nearer 5 to 1 on a 
gram equivalent basis than the 6 to 1 
indicated by the theoretical formula. This 
saturated solution is obtained by taking 

65 commercial fluosilicic acid and dissolving 



in it all the silica it will take at 25° C. 
Actually, the fluosilicic acid is allowed to 
remain in contact with solid reagent silicic 
acid for an hour or two in order to put in 
the added amount of silica. This saturated 70 
solution is then made supersaturated to 
the required degree. In order to do this, 
a reagent which increases the amount of 
silica available for deposition may be 
added to the saturated solution. The 75 
saturated solution may be simply diluted 
with water, or boric acid may be added to 
reduce the solubility of the silica or 
sodium silicate may be added to introduce 
the excess silica. 

The relative amount of silica, over and 
above that required by the formula 
H 2 SiF 6 , which is present in saturated 
solutions of various concentrations of 
fluosilicic acid in moles per litre is illus- 85 
trated in Figure 3. This figure is a gpaph 
of experimental results obtained using a 
solution containing 1.25 moles per litre of 
H 3 SiF 6 as a zero reference point. The 
graph shows that as the concentration of 90 
the fluosilicic acid in moles per litre rises, 
increasing amounts of silica are dissolved 
per mole of H 3 SiF 0 . For example, the 
graph shows that a 2.5 molar solution of 
H 2 SiF 6 will dissolve almost 12 millimoles 95 
more silica per mole of H 2 SiF ? than will 
a 1.25 molar solution of the acid. 

Specific examples of making up the 
treating solution follow : 

Example 1 100 

A litre of 2.5 molar solution of 
fluosilicic acid is saturated with silicic 
acid at 25° C. This is then diluted with 
an equal volume of water to make up two 
litres of 1.25 M solution. The resulting 106 
solution has now become supersaturated 
with silica to the extent of about 12 milli- 
moles per mole of H»SiF 6 or about 15 
millimoles per litre of solution and 
deposits silica smoothly and uniformly. HQ 

This is so since the litre of 2.5 molar . 
solution when diluted to form 2 litres of 
1.25 molar solution still has the higher 
amount of silica which the 2.5 molar 
saturated solution was able to dissolve. 115 

The curve shown in Figure 1 illustrates 
the rate of deposition of silica on a glass 
surface brought about by immersing a 
glass plate in this solution. As shown in 
the figure, a film which is J wavelength 120 
of green light , of 5200 A in thickness 
deposits in. about 14 hours while one 
which is £ wavelength thick deposits in 
about 30 hours. The rate of deposition 
decreases somewhat as the time increases. 125 
Thickness of deposit was determined 
visually from the interference colour. 

In order to compare the results of 
diluting the 2.5 molar solution i*f fluo- 
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silicic acid saturated with silica, witli 
varying amounts of water, samples of the 
base solution of Example 1 were diluted 
with water to give solutions containing 
5 from 10 to 90% of the 2.5 M acid. Most 
of these dilutions did not give satisfactory 
films comparable with those obtained by 
diluting to about 50% 2.5 M acid strength 
since either too much or too little excess 
10 silica was caused to appear in the solution. 
Those, with substantially greater amounts 
of water, being too supersaturated with 
respect to silica (or silicic acid) simply 
produced a heavy white precipitate while 
15 those with substantially less water took 
unreasonably long periods of time 
although they deposited silica very slowly. 
Example) 2 
To a 1.4 M fluosilicic acid solution, 
20 which is saturated with silica at 25° C, 
various amounts of boric acid were added 
in quantities ranging from 20 — 40 cc of 
4% boric acid per litre of fluosilicic acid 
solution. The time required for amounts 
26 within this range to deposit a film haying 
a thickness of J wavelength of green light 
of 5200A at 55° C. is shown in Figure 2. 
The addition of 20 cc of the 4% boric acid 
per litre of the fluosilicic acid solution 
80 results in a solution supersaturated with 
respect to silica to the amount of 8 milli- 
moles per litre. The 40 cc addition 
caused a supersaturation of 16 millimoles. 
When quantities of boric acid were used 
3ft sufficient to provide more than 16 milli- 
moles excess silica per litre a cloudy 
white deposit of silica forms instead of 
a hard, transparent film. Amounts sub- 
stantially lower than 20 cc resulted in film 
40 formation only over long periods of time 
and no film formation at all when the 
amount used was such as to reduce the 
silica supersaturation to less than 2 
millimoles per litre. 
45 The examples given merely illustrate 
two ways in which a fluosilicic acid solu- 
tion saturated with silica may be 
made supersaturated. Obviously, other 
equivalent reagents may be used. The 
50 concentration of the fluosilicic acid 
solution is not at all critical within 
ordinary limits. Obviously, a solution 
which is unreasonably dilute is not prac- 
tical because of the difficulty or even 
66 impossibility of adjusting it to the correct 
amount of supersaturation with respect to 
silica while concentration above 2.5 
molar cannot be obtained commercially at 
present. 

60 The rate of deposition of silica also 
depends upon the temperature of the 
solution, the rate being more rapid at 
higher temperatures. When the tempera- 
ture is too high, the deposit becomes 

56 milky. The amount of silica needed to 



supersaturate the fluosilicic acid solution 
to the required extent, of course, changes 
also with temperature. However, it has 
been found that the change is quite 
irregular and is different for different 70 
molar concentrations of fluosilicic acid. It 
has been found, for example, that in the 
case of a 1.25 molar solution there is no 
difference in the required amount of silica 
between a solution at 25° C. and one at 76 
45° C. But at other concentrations, the 
amount does change and for most con- 
centrations above 1.25 molar the amount 
is actually less than at 25° C. But, 
regardless of specific concentration of the 80 
fluosilicic acid within the workable limits 
or of ordinary temperatures of deposition, 
the range of supersaturation with respect 
to silica (or silicic acid) remains the same 
for the formation of good deposits within 85 
reasonable periods of time. The optimum 
range of temperatures to observe for good 
deposition has been found to be 25° C. to 
55° C. Temperatures at least as high as 
70° C. may be used at relatively low con- 90 
centrations of fluosilicic acid and lower 
temperatures than 25* C. may be used 
especially when relatively high concentra- 
tions of fluosilicic acid are present. It is 
not practical to use the higher ranges of 95 
concentration when also using higher 
temperatures, however, since solutions are 
likely to become turbid and unfit for good 
deposition. 

Films produced by deposition of silica 100 
by the method described are hard and 
smooth. Their index of refraction is 1.46 
corresponding with solid silica. They 
appear to deposit well on any kind of glass 
or other ceramic surface. On glass having 105 
an index of refraction of 1.52, a \ wave- 
length film (with respect to green light of 
5200.1) has a blue interference colour 
and has a reflectivity only 59% of that of 
the clean glass with no film. While this 110 
is not as great a reduction in reflectivity 
as that produced by some other methods 
due to the relatively high index of refrac- 
tion of the film, the durability is excellent 
and the film is relatively inexpensive to 115 
apply. 

The films can be deposited on surfaces 
other than those of a ceramic nature. For 
example, they will form on plastics. 
Among those giving especially good 120 
results are the urea formaldehyde and the 
phenolic plastics. In general, it may be 
said that the films can be deposited with 
varying degrees of excellence upon any 
substance not attacked by fluosilicic acid. 126 
They are useful for putting a protective 
surface on the article which renders it 
comparatively immune to attacks by 
many corrosive liquids and atmospheric 
influences. 130 
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There has thus been described an 
improved method of depositing hard, 
transparent, silica films from a controlled 
solution. The films may be made so thin 

f» that they will reduce reflection from a 
glass surface or they may be made thick 
enough to serve as protective coatings on 
various surfaces. 

Having now particularly described and 

10 ascertained the nature of our said inven- 
tion, and in what manner the same is to 
be performed, we declare that what we 
claim ia: — 

1. A process of depositing a film of 
15 silica on a surface preferably of vitreous, 

ceramic, or resinous structure such as 
glass, a urea-formaldehyde condensation 
product, or the like, which consists in 
immersing the article to be coated in a 

20 solution of fluosilicic acid supersaturated 
with respect to silica to the extent of 2 to 
16 miliimoles of silica per litre of solution 
and allowing the article to remain in said 
solution until a coating of desired thick- 

25 ness has formed. 

2. A process as claimed in Claim 1, 
according to which the excess of silica is 
10 miliimoles per litre. 

3. A process as claimed in Claim 1, 
80 according to which the excess of silica is 

15 miliimoles per litre. 

4. A process as claimed in any of the 
Claims 1 to 3, according to which the 
silica film is a reflection-reducing coating 

35 having a thickness which is a small odd 
multiple of J wavelength of light of 
predetermined wavelengfli. 

5. A process as claimed in any of the 



Claims 1 to 4, according to which the 
solution prior to being supersaturated, is 40 
saturated with silica. 

6. A process as claimed in Claim 5, 
according to which the solution is super- 
saturated with silica by adding a small 
amount of boric acid. . 46 

7. A process as claimed in Claim 5, 
according to which supersaturation is 
accomplished by diluting the saturated 
solution with water. 

8. A process as claimed, in Claim 5, 60 
according to which supersaturation is 
accomplished by adding to the saturated 
solution a reagent which increases the 
amount of silica available for deposition. 

9. A process as claimed in any of Claims 55 
1 to 8, according to which a ceramic 
article, such as one having a glass surface, 

is immersed in a solution of fluosilicic acid 
having a concentration of 1.25 molar and 
which is supersaturated, with respect to 60 
silica to the extent of 2 to 16 miliimoles of 
silica per litre of solution. 

10. A process as claimed in any of 
Claims 1 to 9, according to which a glass 
article to be coated is immersed in a 65 
solution of fluosilicic acid having a molar 
concentration of between 1.25 and 4 and 
which is at a temperature not exceeding 
70° C., said solution being 8 to 16 
miliimoles of silica per litre of solution. 70 

Dated this 18th day of August, 1947. 

A. M. & WM. CLARK, 

Chartered Patent Agents, 
Quality House, 5-^9, Quality Court, 
Chancery Lane, London, W.C:2. 
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